In general, the characteristics of GFeFETs have been affected by anti-hysteresis associated with charge trapping. The cause has been attributed to water molecules [2] and large densities of H + and OH − [1] ions that screen the ferroelectric polarization at the graphene/ferroelectric interface. More recently, the gating of graphene showing proper ferroelectric hysteresis, at room temperature, has been demonstrated by preserving the cleanliness of the graphene/PZT interface [7] . However, the hysteresis depended strongly on the ramping speed of the gate voltage indicating the presence of slow trapping processes, which are associated with surface adsorbates such as water molecules.
In this work [8] , the problem of surface adsorbates was tackled by using artificially layered PbTiO 3 /SrTiO 3 (PTO/STO) superlattices. A schematics of a GFeFET with PTO/STO as the gate dielectric is shown in Fig.  1 (a) . The transition temperature and polarization of PTO/STO superlattices can be tuned by changing the PTO volume fraction [9] . Exfoliated graphene was deposited on the superlattice at 250
• C, which can effectively decrease the ferroelectric polarization as much as 70%. With ideal superlattice growth conditions and extrinsic adsorbates largely removed, a direct coupling is seen between the graphene channel and the ferroelectric superlattice, as shown in Fig. 1 
(b).
Polarization switching, indicated by the peaks of the C-V curve of the superlattice ( Fig. 1 (d) ), matches with the position of the graphene Dirac peaks as the gate voltage is swept between ±4V. For sub-hertz gate voltage ramping speeds, the dynamics of the Dirac peak positions are virtually unchanged, as shown in Fig. 1 (c) . This is indicative of an absence of slow trapping processes, which were commonplace previously [7] . With the removal of such extrinsic charge traps, the impact from the "intrinsic" defects of the ferroelectric substrate was revealed. The defects manifested themselves as antihysteresis on the graphene channel. However, this type of antihysteresis has several distinguishing characteristics:
1. The antihysteresis cannot be subdued at cryogenic temperatures ( Fig. 2 (a) ) as opposed to adsorbateassociated antihysteresis [4] ;
2. The antihystersis is caused by traps that preferentially trap more electrons than holes from the graphene channel, giving rise to an asymmetric trapping behavior;
3. Compared to the adsorbate-associated traps, the surface defect-associated intrinsic traps show much faster time-response ∼10 µs (Fig. 2 (b) ).
A systematic study was carried out to identify the source of such intrinsic charge traps and their impact on the switching behavior of the graphene field effect devices. It was found that the intrinsic traps are largely influenced by the growth parameters of the ferroelectric superlattices. Such intrinsic charge traps, while showing little impact on the C-V characteristics of the superlattice, strongly affect the resistance gating of the graphene channels. Comparing the surface topography of the devices with their gating curves (see Fig. 2 (c) & 2 (d) ), the charge trapping centers were attributed to physical defects associated with the dangling bonds on the surface of the superlattice, which cannot be processed or removed simply by making the interface free of adsorbates. These defects manifest themselves as single atom deep, square shaped pits, which may be associated with the 1x6 surface reconstruction of PbTiO 3 , associated with PbO deficiency [10] .
These results are the first successful demonstration of robust, ramping speed independent, room temperature ferroelectric switching in GFeFETs. Through comparison with numerical simulations, a deeper understanding of the graphene-ferroelectric interface was established. This paves the way to reliably study grapheneferroelectric hybrid devices, and to extend the work to other novel 2D atomic layer systems and ferroelectric systems. This work also established PTO/STO ferroelectric superlattice system as a suitable system for combining two dimensional atomic crystals (2DACs) with ferroelectricity.
